ABSTRACT
INTRODUCTION
Spin labels have been used for studying conformational changes in biological macromolecules, and the structure and function of membranes. The synthesis of 14 and 15, having the spin label at C-2, and that of 13, is also described.
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Spin-labeled I-D-g~~COp~t-allOSi~~C~_ -
The synthetic route originally attempted for the synthesis of nitroxide spin-labeled X-D-glycopyranosides (2 and 3) involved the reaction of tetra-0-benzyl-T-D-glucopyranosy1 bromide with 2,2,6,6-tetramethylpiperidin-I-osyl, to give the spin-labeled, per-O-benzylated a-D-glycoside 1, followed by catalytic hydrogenolysis to give the desired, nitroxide spin-labeled a-o-glycopyranoside. However, it was found that nitroxides are readily reduced to secondary amines during the catalytic hydrogenolysis.
When the per-0-benzylated, spin-labeled 
Compounds
14 and 15 were synthesized by heating (under reflux) the corresponding methyl 2-amino-2-deoxy-Y-Dglycopyranosides and 4-isothiocyanato-Z,Z,6,6-tetramethylpiperidin-l-oxyl in ethanol_ After purification by column chromatography, the desired spin-labeled compounds (14 and 15) were obtained as yeilorv crystals in -60% yield.
Compound 13 was prepared by reflusing p-aminophenyl /3-D-galactopyranoside with 3-isothiocyanrrto-2,2,6,6-tetra~~~ethylpiperidin-l-oxyl.
Upon purification by column chromatography, compound 13 was isolated as an orange solid in 65'%, yield.
fij-droi_nis of spidrrbeled 'A-mrf ~-D-~!~~cop~r-tltlosi~~~s
with z-and /I-D-gukYO.Si&ses. -The spin-labeled glycopyranosides were incubated with z-or fi-D-galactosidase at 37": and aliquots were spotted on t.1.c. plates at various time-intervals. The reaction products were detected with aniline spray (aniline and diphenylamine, in acetone), as this reasent does not develop the citrate buffer used in the reaction_ Hydrolysis of spin-labeled x-D-galactosides to D-galactose and the spin label was complete within 12 h, in agreement with the ass&ted structures_ In the case of B-D-galactopyranosides, complete hydrolysis was accomplished with /I-D-galactosidase.
Gmerd nrerlrods_ -
Evaporations were conducted under diminished pressure at 25' in a rotary evaporator_ Melting points are uncorrected.
TLC. was performed on precoated plates of silica gel G-60 (Brinkmann Instruments, Inc.); compounds were detected with a spray containin g 5 yYO each of ammonium molybdate, phosphoric acid, and sulfuric acid, followed by heating the plates for 10 min at 140"_ Alternatively, plates were sprayed with 1 :?i potassium permanganate in 10 7: sodium carbonate; the developing solvents were as specified_ Silica gel 60 (0.063-0.2 mm particle size. 70-230 mesh), used for all coIumn chromatography, was supplied by Brinkmann Instruments.
Molecular sieve was activated by heating for 12 h at 150" before use. Anhydrous dichloromethane was prepared by distilling from phosphorus pentaoxide, and storing over molecular sieve 4A. Before use, chloroform was dried over molecular sieve 4A, and passed through a column packed with reagent-grade alumina_ All catalytic hydrogenations were performed at atmospheric pressure, using palladium hydroxide on carbon (the Pearlman catalyst), supplied by Aldrich Chemical Company. , lVT%diisopropylethylamine (0.13 gI I rnmol), tetraethylammonium bromide (0.42 g, 2 mmol), and molecular sieve (2 g) in dichloromethane (10 mL) was stirred for 2 days at room temperature, the molecular sieve was filtered off, and the filtrate diluted with dichloromethane, washed with water, dried (sodium sulfate), and evaporated to a syrup which was purified by column chromatography with 10 :3 : 1 chloroform-isooctane-methanol as the eluant. The product, isolated as the hydrobromide salt in S3.77; yield, crystallized from ethanolpetroleum ether, and could be used as such for the oxidation step. It was chromatographically homogeneous (9 : 6 I I : 3 butanol-acetic acid-water-ether)_ R, 0-S; 29 :6 :0.6 chloroform-methanol-water, RF 0.7. Conversion into its hydrochloride salt yielded crystals. A solution of 4 in dry dichloromethane was acidified with dry, methanolic hydrogen chloride, and evaporated. and the resulting syrup crystallized. The crystals were filtered off, washed with ether, and recrystallized from ethanol: m.p. 228-230". 9 mmof) in dry, ethanoffree chloroform (5 mL) was added to a stirred mixture of sifver carbonate (1.6 g, 5-S mmof), iodine (50 mg), molecular sieve 4A (5 g), 4-hydroxy-2,2,6,6-tetramethyfpiperidin-I-oxyl (0.95 g, 5.5 mmof), and dry, ethanol-free chloroform (20 mL). The mixture was stirred in the dark for IS h, and filtered through Cefite, and the filtrate was washed with water (100 mL), dried, and evaporated to a red syrup. Chromato- A solution of the per-O-acetyl glycoside 9 in anhydrous methanol (3 mL) was cooled, and freshly prepared 11 sodium methoxide was added until the solution was basic to litmus paper. The solution was kept in the cold for 12 h, evaporated to a red syrup, and the deacetylated compound purified by column chromatography, with 29 : 10 : 1 chloroform-methanol-water as the developing solvent. The fractions havin_r R, 0.7 were combined, and evaporated, giving a red syrup (21 "/:, overall yield) which, on trituration with ether, gave amorphous material. The proccdurc described for ~hc synthesis of 14 was applied to yield compound 15 in 59');: yield, a5 a light-orange solid from methanol-ether.
Anal

